LESL is (1) subjecting existing equipment to laboratory testing and evaluation and (2) conducting research leading to The apparatus used for interior ballistic evaluation of the ammunition is shown in figure   4 . The fixture consists of a 14 cm (5.5 cles It is interesting to note that, under the conditions of the experiment, an average of 0.2 milligram of barium and 5.6 milligrams of lead were trapped per round. Since the experimental procedure did not involve filtering all of the air within the sample chamber, it is clear that even larger amounts of heavy metal contaminants were actually produced. Figure 11 gives a good qualitative indication of the amount of particulate matter trapped from each of the ammunition types fired. Note especially the large amounts of contaminant trapped from the rounds using lead projectiles (A & C of fig. 11 ). To see if further improvement could be obtained, the noses of several of the jacketed projectiles were machined to 1.5 mm below the lip of the jacket and the recess filled with epoxy. Figure 12 shows both the jacketed soft-point projectile and the modified bullet. These rounds were fired immediately after the series in Jacketed soft-point projectile and modified projectile with epoxyfilled nose.
The data in tables 8 and 9 are essentially in agreement; the net average value for table 9 is 14 micrograms per round when corrected for background.
In a final series of experiments the barrel and cylinder of the weapon were cleaned using six normal nitric acid; no lead fouling was expected to survive the treatment, and indeed, the washings gave positive tests for lead. After cleaning and oiling the weapon and cleaning the sampling chamber, a series of rounds was fired using the standard jacketed projectiles. The results obtained are given in table 10. These data show that the best internal balHstics were obtained using the conventional primer, lead projectile ammunition. The average velocity for these rounds was 268.4 meters per second, with a low standard deviation (2.0 mj s). When the jacketed soft-point projectiles were substituted for the lead bullets, the muzzle velocity dropped by 32 meters per second and 
SUMAAARY AND CONCLUSIONS
The concept of substantially reducing uprange lead levels by the use of specially designed ammunition has been validated. In this study, a 430-fold reduction in the amount of airborne lead produced uprange by discharging a 38 Special revolver was realized by the use of a nolead primer composition (mannitol hexanitrate-tetracene) and a commercially available jacketed soft-point projectile. The use of ammunition loaded with semi-jacketed lead bullets, which are commercially available in high quality, should reduce airborne lead produced at the position of the shooter by a factor of at least 10 and possibly as much as 15.
The ballistic characteristics of the experimental ammunition were examined and compared with conventional 38 Special rounds. The ballistic characteristics of the no-lead primer ammunition are promising, but are not equal to those of conventional rounds.
In order to realize the full potential of this means of achieving reduced lead levels in indoor firing range we recommend the development of an improved primer composition. The objectives are clear; the sensitivity of the mix must be increased and the hot combustion products must include nontoxic particulates. Those knowledgeable in this field indicate that this is feasible. In the interim, we recommend that firearms training rangemasters use ammunition loaded with full base semi-jacketed bullets and conventional primers.
